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Introduction

29
The world's peatlands cover 3% of the Earth's land surface but contribute 30% of its soil carbon (Parish 30 et al., 2008) and store more organic carbon per hectare than any other terrestrial store. Degraded peatland 31 (one tenth of the peatland resource) contributes 6% of global anthropogenic CO 2 emissions (Joosten et al., 32 2012). Globally, peatland degradation is mainly via agriculture, forestry, peat extraction for fuel or 33 horticulture and urbanisation. Such degradation jeopardises the ecosystem services peatlands provide 34 century systematic controlled patch burning to attain the optimum habitat for gun sport related birds has 50 been widespread in the UK uplands and this has included burning of vegetation on blanket peatlands 51 (Yallop et al., 2006) . Atmospheric pollution since the industrial revolution, particularly the deposition of 52 sulphur and nitrogen, has been linked with the declining abundance of Sphagnum (Ferguson et al., 1978 ;1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Page | 3 Lee, 1998). Elevated stocking densities for sheep associated with the EU Common Agricultural Policy 54 have been linked with enhanced erosion and degradation of upland peatlands in the UK ( 
Rawes and 55
Hobbs, 1979; Holden et al., 2007) since peatlands often have a very low carrying capacity (Simpson et al., 56 1988) . 57 58 However, realization of the economic and environmental value of peatlands and the damage that has been 59 caused to them has led both public and private organizations to implement 'restoration' schemes (Holden 60 et al., 2007) . On the whole, restoration schemes in blanket peatlands have focused on the objectives of 61 raising the water table via blocking drainage channels and gullies, re-vegetating bare areas of peat that are 62 prone to erosion (Parry et al., 2014 ) and attempting to replace some vegetation assemblages with 63 assemblages that are thought to be suitable for rapid peat formation (Holden et al., 2008) . The word 64 'restore' implies that practitioners attempt to reverse the adverse effects that have occurred and return the 65 ecosystem to a pre-disturbance state (Charman, 2002) . However, rarely is the full historical developments 66 of a site investigated, and so target restoration points related to a former condition are not known with any 67 certainty (Chambers and Daniells, 2011). Information from surveys and aerial imagery regarding 68 vegetation will only span at most the last two centuries providing a limited context. In many instances 69 'full restoration' is not feasible as the damage is too severe. However, restoration to conditions similar to 70 those pre-disturbance may be attainable and lead to a peatland more resilient to climate change. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Page | 4 during water disinfection when dissolved organic loads are high (Pereira et al., 1992; Chow et al., 2003) . 80
Thus a number of water companies are seeking to invest in catchment management on peatlands to reduce 81 DOC loads to treatment works. Implementing changes in land management practice can be difficult as 82 landowners may be doubtful of the benefits and question whether their peatland site is really 'atypical' in 83 terms of its vegetation history, preferring to view the current landscape as a norm, a view based largely on 84 living memory. This study takes a reservoir catchment in northern England (Keighley Moor) and undertakes 100 palaeoecological analyses in order to illustrate how they can provide important tools for informing and 101 shaping blanket peat restoration targets. We seek to test whether the vegetation condition of the site today 102 is unusual in the context of the site's development over the past few thousand years. If the current 103 vegetation condition is unusual then this would support those who seek to adopt interventions on the site 104 to alter the vegetation cover and the data would provide some ecological indicators of restoration success. 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 
Methodology
143
Palaeoecological and field survey techniques can be time intensive and hence to achieve our aims a tiered 144 approach was employed. The site underwent an extensive peat depth survey together with detailed 145 stratigraphic logging to permit a catchment-wide assessment of the site's development (tier 1). This also 146 allowed us to find areas suitable for a master core for detailed laboratory analysis. These areas needed to 147 be intact to ensure a long record, not extensively eroded by gullies and located close to dipwells in our 148 modern monitoring program (which was focused on hydrology and water quality for water company 149 needs) to enable future comparison between modern and palaeo data. To provide confidence that the 150 master core location would be representative of the developmental changes in that area, a higher spatial 151 resolution stratigraphic survey (tier 2) was completed before obtaining the master core for detailed 152 investigation in the final phase of work (tier 3). 153 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Page | 7
Peat depth was measured at 122 survey points using a narrow gouge corer, allowing the substrate to be 155 examined by hand providing confidence that the 'entire' depth of peat was measured (Parry et al., in 156 press). Peat depth was then interpolated across the catchment from the 122 points using Kriging in 157 ArcGIS 10.1. Stratigraphy and physical components of 88 of the gouge cores were logged using the 158 Troels-Smith scheme (Troels- Smith, 1955 ). This scheme enables expert users to describe the substrate's 159 physical components in the field. After retrieval of the core it was split visually into sections in the field 160 3) Greatest depth that Sphagnum (at least 1 part, 25%) is recorded (Figure 2c) . 172
4) The total number of meters from each core with at least 1 part (25%) Sphagnum (Figure 2d) . 173
175
The 'master core' for detailed laboratory analysis was sampled using a monolith tin for 0 -0.50 m depth 176 to maximise the volume of peat recovered. For deeper samples two overlapping 1 m long (0.09 m wide) 177
Russian cores from 0 -1.00 m and 0.70 -1.70 m were recovered to minimise disturbance. The deepest 178 samples between 1.50 and 1.90 m were obtained using and a narrow gauge 0.50 m long Russian corer 179 which was able to be pushed through the peat to mineral boundary. Cores were placed in plastic guttering, we follow the schemes of Smith (1978) and Stace (1991) , respectively. The resulting macrofossil diagram 191 was split into zones based upon major changes in macrofossil components. Charcoal pieces were summed 192 as absolute counts of charcoal >125 µm. However, at some depths charcoal was so abundant that % of 193 quadrat was used. at Queens University Belfast. Care was taken to remove ericaceous roots to prevent any possible reservoir 203 effects as described by Kilian et al. (1995) . Dates were calibrated, using the IntCal13.14C (Reimer et point (1955 +/-10) and peak (1978 +/-6) to our SCP curve. SCPs were counted from 0 -0.20 m using a 212 modified method to that detailed by Rose (1990 Rose ( , 1994 . Samples of 0.1 g of dried peat were digested in 3 213 mL of HNO 3 for 24 h. Further HNO 3 was added and a water bath used for 2 hours to aid digestion. After 214 washing and drying, the resulting samples containing inorganic material only were weighed. A measured 215 amount of the sample was then re-wetted and mounted on a slide and the abundance of SCPs counted at 216 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Page | 12
Macrofossils 284
The macrofossil record ( Figure 6 ) was zoned by eye based on major shifts in vegetation composition. 285
Fifteen zones were identified from the earliest (Zone A) to the most recent (Zone O). These zones are 286 summarised in Table 2 found for Area 1 but may correspond to peat initiation in Area 2, although this needs corroboration. As 305 found in other records in the British Isles, and largely attributed to human activity (Charman, 1992; Tallis, 306 1991), peat initiation at KMRC was associated with extensive charcoal deposits (26 of the 88 stratigraphy 307 cores) indicating burning. Spatially sporadic evidence also existed for a decline in tree growth at KMRC1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Page | 13 coincident with burning. This may point to decreased inception and hence greater potential for water 309
logging. 310 311
Highly degraded organic material containing some ericaceous and monocotelydon remains accumulated 312 once peat initiation began in Areas 1-3 before any sign of Sphagnum growth. The master core showed this 313 initial phase (800 years duration at a rate of 42yrs cm 
Evidence of Sphagnum
325
For some of the catchment (51 of the 88 stratigraphy cores), particularly where the organic-rich deposit is 326 less than 0.60 m in thickness (and hence may not be classified as 'peat'), there is little evidence of any 327
Sphagnum remains at all. Where peat deposits exist in the catchment Sphagnum was evident only after the 328 initial peatland development phase described in section 5.1 implying the need for a more elevated or 329 stable water table. Sphagnum, unlike E. vaginatum, does not tolerate long periods of water deficit (Clymo 330 and Hayward, 1982; Wein, 1973) . Establishment of Sphagnum may be simply an on-going autogenic 331 succession. However, in the master core the first establishment of Sphagnum was dated to c. AD 590 332 which is coincident with the Dark Age period in Europe (Lamb (1977 (Lamb ( , 1995 . Many recorded changes in 333 peatland stratigraphy are noted in this period as being related to wetter climatic conditions (Blackford and1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Page | 14 have all been prevalent at some point over the last 1500 years. Abundance of these species has fluctuated 338 extensively however, often in conjunction with evidence of burning. These burning events are the likely 339 result of man's attempts to improve grazing, a pressure that has been highly variable, at least up until the 340 industrial revolution. Burning has been a feature throughout the history of the KMRC peatland 341 development but crucially, however, when Sphagnum has been affected by fire it has later returned. This 342 reflects the fact that there has likely been a diverse mosaic of plant groups that have been able to respond 343 and adapt to these changes in burning (Ellis, 2008). Sphagnum moss especially, S. papillosum, S. 344 magellanicum and S. rubellum, have been observed as being sensitive to burning (Pearsall, 1956 ; 345 Ratcliffe, 1964) . 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Page | 17 1) The present vegetation state is 'atypical' and is in part likely to be a result of increased human 435 interference, including systematic burning, over the last 100 years. 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Page | 18
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